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Overview
How do glaciers affect coastal ecosystems?
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Phytoplankton
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Phytoplankton

High and sustained

phytoplankton =z
production from S
. O
spring through fall 5
<

O

Winter Spring Summer Fall Winter

Etherington et al. 2007

More information and data available at: http://
science.nature.nps.gov/im/units/sean/OC_Main.aspx



Phytoplankton
: . nutrient draw down
light limited /
\

Optimum stability window:
Primary production is

water column stability, light <— stability
and nutrients (Gargett 1997)
Chlorophyll a
Turbidity Nitrogen Stratification
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Euphausiids
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Robards et al. 2003



Zooplankton in Svalbard Fjords

High abundance of zooplankton in the inner basin

Krill and copepods are concentrated by advection into the fjords
Entrapped by estuarine circulation
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Weslawski et al. 2000, Walkusz et al. 2009



Auto- vs. Heterotrophic Production in Chilean Fjords

 Where phytoplankton is limited by light, microbial food webs are important for
carbon export

- Heterotrophic protists and mesozooplankton mediate the transfer of carbon to
higher trophic levels

Gross Primary Production
Community Respiration
Ratio

Montero et al. 2011



Capelin Spawning Dynamics

Glacier fjords are cold water refugia for
spawning capelin during spring and

summer
Capelin distribution
Potential spawning habitat
-
éUSGS Arimitsu et al. 2008



Mesopelagic Species

krill
Density (m™3)

Abookire et al. 2002

vertical migration is suppressed in
ZUSGS turbid glacier plume Arimitsu et al. 2012
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Invertebrates

Intertidal boulder transplant study (Sharman et al. 1990):
- Species richness decreased after the first winter when

transplanted from lower bay to glacier sites (sediment, ice-scour)

Deep-water “emergent” corals at shallow depths (Stone et al. 2007,

Waller et al. 2011)
- Red tree coral grow in dense thickets in Tracey Arm and Endicott

Bay, and Glacier Bay at ~18 m depth
- typical depths for this species: 150 -900 m

http://alaskacorals.blogspot.com/2010/09/red-tree-coral.html
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areas
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Benthic Fish

Diversity

Bottom Trawl Data: Marine Fish Inventory (Arimitsu et al 2003)



Distribution of Fish
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Harbor Seals

Glacial Ice is Important Haul Out Substrate

* Provides refuge from predation for young seals
* Glacial-born pups have short weaning times

* High fidelity to glacial habitat

USGS Blundell et al. 2011, Herreman et al. 2009, Womble et al. 2010



Seabirds Feed at Glacial Fronts

Plunge diving seabirds forage on upwelled crustaceans along the glacier fronts
(Greenland, Spitsbergen, Canadian Arctic)

- Concentration of prey through upwelling resulting from subsurface glacier
flow

- Mixing caused by calving

- Mortality of zooplankton caused by osmotic shock

- Seasonality coincides with breeding effort in seabirds

USGS Mehlum and Gabrielsen 1993
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Ecological Patterns in Glacier-Marine Ecosystems

High sediment load limits light availability to phytoplankton

Classical Pelagic

Food Web
Predator
/ Forage \
Eish “_..in low carbon/
Zooplankton chlorophyll ecosystems, the
available high-quality
Phytoplankton autotrophic biomass is not

sufficient to fuel the

classical food web” — Vargas
et al 2011
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Ecological Patterns in Glacier-Marine Ecosystems

Absence of photic cue suppresses diel vertical migration

In Clear Water In Sediment-Laden
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Ecological Patterns in Glacier-Marine Ecosystems

Some visual predators may avoid cold and turbid glacier plumes.

Marine Food Web

Regulated by top-
down and/or bottom-
up processes

Predator
N\

\"4
Environment
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Glacial-Marine
Food Web

High abundance of
nearsurface prey
(forage fish, krill) but
predators are
relatively few.

-notable exceptions:
Harbor Seal

Kittlitz’s murrelet
Plunge-diving seabirds



Iron + Nitrate = GOA Production

Iron from freshwater discharge is critical to phytoplankton production
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Nitrate

Crusius et al 2011

Changes in timing and volume of freshwater
runoff will affect marine production in the

Gulf of Alaska
Iron

Coyle et al 2012



&

USGS

Acknowledgements

John Piatt
Erica Madison
Greg Snedgen

Gary Drew

Mike Litzow
Martin Robards
Marc Romano
Many field crews!

Karen Oakley (USGS)
Shelley Hall (NPS)
Mary Beth Moss (NPS)
Lewis Sharman (NPS)
Lisa Etherington (USGS)
Lisa Eisner (NOAA)
Franz Mueter (UAF)
Dave Irons (USFWS)
Andrew Allyn (USFWS)
Michelle Kissling (USFWS)







